We report a case of bilateral ovotestes in a female beagle dog. This dog was used in a 4-week repeateddose toxicity study and sacrificed by exsanguination at 6 months of age. Clinical observation, hematological examination, blood chemistry analysis, urinalysis and autopsy did not reveal any abnormal or drug-induced effects. Microscopically, seminiferous-like tissue was observed in the medulla of the bilateral ovaries. The morphological and immunohistochemical characteristics of Sertoli-like cells lining the seminiferous-like tubules corresponded to those of Sertoli cells in the testis. Myoid-like cells exhibiting positive reactions for alpha smooth muscle actin surrounded the seminiferous-like tubules. Therefore, the dog was regarded as a case of true hermaphroditism with bilateral ovotestes. PCR using DNA extracted from paraffin-embedded sections of the testicular parts of the ovotestis, uteri and spleen showed that the organogenesis of ovotestes in this case was not associated with the sex-determining region Y gene. (J Toxicol Pathol 2007; 20: 111-115) 
Ovotestis refers to a gonad with histology consistent with both ovarian follicles and testicular tubular elements. Such gonads are frequently found in animals with true hermaphroditism 1 , and canine ovotestes have been associated with XX sex reversal and true hermaphroditism [2] [3] [4] [5] [6] . Here, we report bilateral ovotestes observed in a female beagle dog with an otherwise normal appearance. The dog was purchased from Hongo Farm (Kitayama Labes Co., Ltd., Yamaguchi, Japan) and housed at Tanabe Seiyaku Co. Ltd. (Osaka, Japan). The animal was treated with a particular chemical in a 4-week repeated-dose toxicity study approved by the Animal Ethics Committee of Tanabe Seiyaku Co., Ltd. Clinical observation, hematological examination, blood chemistry analysis and urinalysis revealed no abnormalities or drug-induced effects. At 6 months of age, the animal was sacrificed by exsanguination under thiopental sodium anesthesia and an autopsy was conducted. The ovaries were fixed in 10% phosphate-buffered formalin solution and embedded in paraffin. Tissue sections were stained with hematoxylin and eosin.
Immunohistochemistry was performed with primary antibodies, including mouse monoclonal anti-vimentin (1:200, DAKO Japan Co., Ltd., Kyoto, Japan), anti-inhibinalpha (1:50, DAKO), anti-alpha smooth muscle actin (SMA) (used as supplied, DAKO) and anti-proliferation cell nuclear antigen (PCNA) (1:200, DAKO) antibodies. The tissue sections were boiled in Instant antigen activator agent H (neutral) (Mitsubishi Kagaku Iatron, Inc., Tokyo, Japan), incubated with a 0.3% (v/v) methanol solution of hydrogen peroxide for quenching of endogenous peroxidase, and immersed in normal goat serum (used as supplied, Vector Laboratories, Inc., Burlingame, CA, USA) to prevent nonspecific reactions. The antibodies were applied to the tissue sections overnight at 4°C and were subsequently detected using Histofine ® Simple Stain MAX PO (MULTI) (Nichirei Co., Ltd., Tokyo, Japan) and/or Histofine ® Simple Stain DAB solution (Nichirei). The seminiferous-like tubules in the ovotestes were compared immunohistochemically with seminiferous tubules in the testis of a male beagle, granulosa cell cords in the ovary of a female beagle (both of these animals were in the control group in the same toxicity study) and hyperplasia of the granulosa cell cords, which is histologically similar to our case, in the ovary of a female mongrel dog (aged 12 years old). D N A s a m p l e s w e r e pr e p a r e d f r o m p a r a f f i nembedded sections of the testicular regions (medulla) in the ovotestis, of the medulla in the ovaries, uteri and spleens of the case animal and control animals, and of the testis of the control animal using DNA Isolator PS-Rapid Reagent (Wako Pure Chemical Industries Ltd., Osaka, were 132 base pairs (bp) and 94 bp, respectively. DNA sequencing analysis of the amplicons from nested PCRs obtained for the testis of the control animal was performed at Dragon Genomics Center (Takara Bio, Inc., Shiga, Japan) and showed that the products were derived from the SRY (EMBL: AF107021) and HPRT (EMBL: AY283373) genes. Macroscopically, there were no abnormalities of the external or internal genitalia, including the ovaries, in this case, although XX true hermaphrodite dogs typically show ambiguous (partially masculinized) external genitalia 2, 3, 5, 6 . The weights of the ovaries were similar to those of female beagles in the control group. Microscopically, a mass of tubular-like tissue was noted in the medulla of the bilateral ovaries (Fig. 1a) . The tubular tissue was similar to atrophied seminiferous tubules and was lined by spindle cells (Sertolilike cells) with nuclei located in the basal area (Fig. 1b) . Spermatogenic germ cells were not observed within the seminiferous-like tubules. Round or polygonal cells (Leydig-like cells) with granular eosinophilic cytoplasm and small round nuclei were scattered between the seminiferouslike tubules. In addition, there were fewer oocytes (primordial follicles) in the cortex of the ovaries in the case animal compared to the control animals, but primary follicles, secondary follicles, Graafian follicles, corpora lutea, and germinal epithelia did not have any abnormalities.
Immunohistochemically, the Sertoli-like cells were negative for PCNA and positive for vimentin. These cells showed varying degree of positive reactions for inhibinalpha. The cells lining the granulosa cell cords in the ovary of the control female beagle were positive for PCNA and vimentin, and strongly positive for inhibin-alpha; and the Sertoli cells in the testis of the control male beagle were negative for PCNA, positive for vimentin, and weakly positive for inhibin-alpha. The cells lining the hyperplastic granulosa cell cords in the ovary of the female mongrel dog were positive for PCNA and vimentin, and mostly negative for inhibin-alpha. Cells exhibiting positive reactions for alpha smooth muscle actin were seen around the seminiferous-like tubules in the case (Fig. 2a) and the seminiferous tubules in the testis of the control male dog (Fig. 2c) , whereas positive reactions for alpha smooth muscle actin were not observed around the granulosa cell cords in the ovary of the control female dog (Fig. 2b) or in the hyperplastic granulosa cell cords in the female mongrel dog. In addition, the Leydig-like cells between the seminiferous-like tubules were negative for PCNA and positive for vimentin. The Leydig-like cells in the testis of the control male dog were clearly positive for inhibin-alpha, but these cells showed variable affinity for anti-inhibinalpha antibody in the case animal. The Sertoli-like cells had morphological and immunohistochemical characteristics corresponding to those of actual Sertoli cells, and myoid-like cells exhibiting positive reactions for alpha smooth muscle actin surrounded some of the seminiferous-like tubules. The results identify the tubular structures in the medulla of ovaries as seminiferous tubules, rather than normal or hyperplastic granulosa cell cords, allowing histopathological diagnosis of the lesion as bilateral ovotestes. Since true hermaphrodites have both ovarian and testicular tissues, either in the form of a combined gonad (ovotestis) or as separate organs, this case was regarded as an example of true hermaphroditism.
Canine ovotestes have been reported in cases of XX sex reversal and true hermaphrodites [2] [3] [4] [5] [6] . Peripheral karyotype analysis was not performed in the current case, but PCR primers targeting the SRY gene were used to judge whether the animal had a Y chromosome. Since the SRY gene was not amplified in PCR using DNA samples isolated from paraffin-embedded sections of the spleen, it was judged that the case animal did not have a Y chromosome.
Phenotypic, gonadal, and molecular studies have led to several hypotheses for the developmental mechanism of ovotestes, including genetic chimerism due to double fertilization or an exchange of cells between dizygous twins of different sex [7] [8] [9] ; mitotic non-disjunction on the Y chromosome at the first two cleavage divisions 10, 11 ; translocation Y-chromosomal sequences, including the SRY gene, onto an X chromosome 12 ; mutation of a gene on the X chromosome or alternatively on an autosome that allows testis determination without the SRY gene 13 ; and hidden mosaicism with Y-bearing cells in the gonads 14, 15 . We evaluated SRY hidden gonadal mosaicism in this case by SRY gene amplification using DNA samples isolated from paraffin-embedded sections. As a result, although a HPRT gene as positive control was amplified, a hidden SRY gene was not found in the ovotestes or uterus (Fig. 3) . Therefore, we concluded that the SRY gene was not associated with the development of ovotestes in this case.
Expression of SRY might initiate testis induction by upregulating SRY-related high-mobility group box 9 (Sox9) Fig. 3 . PCR results for canine SRY and HPRT genes using DNA extracted from paraffin-embedded sections of the testicular regions (medulla) in the ovotestis, the medulla in the ovary, and the testis. Lane a: 100 base-pair (bp) molecular weight marker; lanes b and e: testis; lanes c and f: ovotestis; lanes d and g: ovary. The expected sizes of PCR products for the SRY and HPRT genes are 132 bp and 94 bp, respectively. expression 16 . The timing of SRY and SOX9 expression is consistent with a role in testis determination in dogs, as well as in humans, sheep and pigs 17 . However, SOX9 is upregulated by loss of WNT4 in XX gonads, even if SRY is absent 18 , and loss of WNT4 gives rise to masculinization of the XX gonad 19 . There were fewer oocytes in the cortices of the ovotestes in the case animal, compared with the control. Since it is thought that WNT4 acts through follistatin to maintain germ cell survival in the ovary 20 , WNT4 deficiency may induce a decrease in oocytes. It has also been reported that exogenous androgen administration to a pregnant bitch caused true hermaphroditism with the presence of bilateral ovotestis and remnants of the Wolffian duct system in all female pups 21 . Because WNT4 overexpression inhibits testosterone synthesis by repressing steroidogenic factor 1/ beta-catenin synergy 22 , loss of WNT4 in a female may enhance testosterone synthesis. Aromatase is a catabolizing enzyme that controls the androgen/estrogen ratio by irreversible conversion of testosterone into estradiol 23 , and aromatase inhibitors administered before sexual differentiation of the gonads can induce transdifferentiation from ovarian medullary cords into testicular cords/tubes, causing sex reversal in fish 23 , turtles 24 and chickens 25 . Therefore, exposure to excess testosterone in the gonads before sexual differentiation may be a cause of ovotestis.
The mutation causing canine SRY-negative XX sex reversal does not seem to be located in regions containing several candidate genes (WT1, DMRT1, GATA4, FOG2, LHX1, SF1, SOX9 or Lhx9) [26] [27] [28] [29] . Mutation of the WNT4 gene is a further possible candidate as a cause of canine SRYnegative XX sex reversal, and it remains to be seen whether loss of WNT4 occurred in the current case. Quantitation of plasma sex hormones and aromatase activity in the gonad may also shed light on the cause of canine ovotestes.
